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Abstract 
The paper aims at illustrating a methodological approach for evaluating the consequences of adopting an Environmental Tax 
Reform (ETR) in European countries. The evaluation will be structured in three integrated steps: i) Pre-post comparison and 
with-without comparison; ii) Hierarchical Cluster Analysis; iii) Quantitative SWOT analysis. Results will show differences  
among countries before and after the introduction of the reform on three macro areas, environment, employment and innovation,  
as well as between adopting and no-adopting countries; will highlight heterogeneous paths and common challenges and will 
suggest future policies within the framework of the environmental tax system. The paper aims at contributing to the debate on the 
ex post evaluation of the ETR as well as illustrating the use of the multivariate analysis for providing insights to the SWOT 
analysis. 
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1. Introduction 
The Environmental Tax Reform (ETR) is based on a “revenue recycling system”, that allows at using revenues 
from environmental taxes for reducing those on labour or capital (EEA, 2011). As a result ETR can deliver five 
dividends: increased resource productivity and eco-innovation; increased employment; improved health of 
environments and people; a more efficient tax system; and a better sharing of the financial burdens of an ageing 
population (Anderson et al 2010, pag.2). In the current austerity contest, using efficiently the taxation framework, 
rather than measures based on the expenditure side o f the budget (Eurostat, 2011), allows at  “induce behavioural 
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changes and serve both fiscal and environmental purposes” (European Commission, 2011, p.111). The concept of 
ETR rose after the Jacques Delors White Paper on Growth, Compet itiveness and Employment in 1993 (Eurostat, 
2011). Since then 6 countries in Europe have implemented it: namely, Denmark, Fin land, Sweden, Germany, The 
Netherlands and the United Kingdom, shifting revenues from environmental taxes (on energy, transport, resources 
and polluting activities) to labour, capital, Personal Income tax (PIT), Social security contribution (SSC) of 
employers and employees (Ekins and Speck, 2011). Estonia and Czech Republic jo ined the mentioned ETR’s 
countries respectively in 2005 and 2008, giving rise to the second phase of the ETR’s implementation in 2012 and 
2013( Ercolano et. al 2014). 
The ex post evaluation of ETRs (Barker et al., 2009; Ekins. et al., 2011; Green Fiscal Commission, 2009) offers 
the opportunity to policy makers to learn  from tax reforms that have been implemented in the past, thereby 
increasing the probability of better reforms in the future (Brys, B. , 2011). However, from a methodological point of 
view it can be highlighted that: 1) ex post evaluations of the ETRs implemented are scarce; 2) they do not always 
isolate specific (i.e. employment) effects from more general macroeconomic effects; 3) it can be d ifficu lt or 
impossible to isolate the effect of the tax by itself, as environmental taxes are often introduced as part of a ‘package’ 
of several environmental policies (Green Fiscal Commission, 2009); 4) results are shown mostly within countries. 
The paper aims at contributing to this debate by providing a mult iple steps approach, through which to 
investigate and compare the performance of European countries. First, the pre-post and with-without comparison 
will be carried  out. Based on a careful choice of a wide set of indicators, the analyses will show how the 
achievement of pre-defined object ives has changed over a relevant time span and across countries, distinguishing 
between those who have implemented the ETR and those who have not. 
Secondly, the clusters analysis will g roup the countries along homogeneous characteristics, maximis ing 
differences between clusters, according to a set of indicators belonging to three macro areas, namely environment, 
employment and innovation.  This will lead to the final step of the approach, consisting in a quantitative SWOT 
analysis, based on the results of the previous steps. Conversely to the typical approach for which the SWOT analysis 
is employed as an ex- ante evaluation method, in this case it will represent a support “after” the implementation of 
the reform on which to rely for necessary changes for overcoming specific issues investigated in the cluster analysis 
and “prior” to the implementation of the reform for envisaging possible developments strateg ies. 
2. Data and methodology 
The analysis has been carried out on 26 European member states † , drawing data from EUROSTAT. Two 
categories of indicators have been used: activity indicators- concerning activities carried out in terms of fiscal tools 
adopted in the countries- and result indicators, as outcomes of the ETRs. Following the literature on the ex post 
evaluation of the ETRs, results indicators have been grouped in three macro  areas: environment, employment and 
innovation. While indicators of environmental quality and employment can  be straightforward and their selection 
depends main ly on the availability of data, in  measuring “innovation” we embraced the EEA (2011) approach, 
which distinguishes between input and output indicators. The most common input indicator devoted to the 
innovation process is R&D expenditure, while output indicators such as patent applications are likely to provide a 
method to measure eco-innovation and accounting for the outputs from the process. In order to obtain a compelling 
picture of the countries we included also demographic and economic variab les. In total 33 variables have been 
employed (See Appendix 1) over the years 2000 and 2008.  
Our methodological approach is based on a three integrated steps: i) Pre -post comparison and with-without 
comparison; ii) Hierarchical Cluster Analysis; iii) Quantitative SWOT analysis. 
x The first step aims at measuring the effectiveness of the ETRs through a spatial comparison and two periods time 
comparison. The pre-post and with-without comparison approach (Heckman, 2001) identifies changes that would 
 
 
† According to the availability of data, countries are:, Austria,  Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, 
Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Sweden,  Poland, Portugal, Slovakia, , Slovenia, Spa in,  Romania, 
The Netherlands, United Kingdom.  
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have occurred even without interventions, highlighting the benefits of the policy (Heckman, Hotz, 1989). Th is 
means to investigate whether result variables, linked to the implementation of the ETRs , show a different trend 
compared to  those in which an ETR has not been implemented. As well as for other techniques employed for 
counterfactual analyses (Blundell, Costa Dias, 2000; Campbell, Stanley, 1963), the observability of the effect is 
limited, as a consequence of the non-observability of counterfactual itself. It  is argued that an effect can never be 
observed (or so “measured”) directly, because it is not possible to observe simultaneously the same subjects in 
the status of the beneficiaries of an intervention and that of non-beneficiaries. However this does not prevent to 
plausibly argue on such an effect (Martin i, Sisti, 2007;  Martin i, Sisti, 2009).  
x The hierarchical cluster analysis allows at grouping countries across multip le d imensions, characterizing them 
by the same distinguishing elements, but maximizing the differences between clusters. Running the analysis for 
the base year (2000) - that comes after ten year from the implementation of the first ETRs - and the target year 
(2008) ‡, clusters will be d ifferently composed by countries. This means that clusters of countries obtained for the 
base year will differ from those obtained for the target year. Hence, the analysis of clusters means’s differences  
will help at  verifying which  variables determined  the shift of the countries from a cluster to another in  the 
considered time span.  
x This will represent a quantitative basis for the SWOT analysis, as a means for identifying needs and potential 
contributions to possible strategies of action relat ing to ETR at European level. The use of the mult ivariate 
analysis as basis for the SWOT analysis (Arbolino, Flora, 2013; Rostirolla P., Rostirolla M., 2011) overcomes the 
limits of the traditional methodology based on employing a limited number of qualitative indicators and 
univariate approaches (Ansoff, 1965;Dealtry, 1992; Weihrich, 1982).  
3. Pre-post and with without comparison  
x The pre-post comparison assesses the effectiveness of the ETR, in terms of average annual growth rate of result 
indicators, conveying the most important impacts linked to the ETR before and after the implementation of the 
reform. The period 1995-2000 has been taken as a proxy  of the t rend previous the interventions. The with- 
without comparison allows at measuring the differential in terms of growth rates with regard to the objective of 
minimizing or maximizing specific impacts across countries in  which the ETR has been implemented and where 
it has not.  
Data have been normalized to the size of population. In order to maximize the objectiv es they all have been 
multip lied by -1. It  has to be noted that the success or the failu re of pre-defined objectives has been evaluated 
through a qualitative judgment. 
Result indicators belonging to the macro  area environment show the greatest benefits, both in the pre-post and 
with-without comparison, as the average growth rate is significat ive in the with situation.  
Compared to  the pre-reform years, trends in the post-reform years are positive and significative for the macro  
areas  environment and innovation. In some cases there has been a real turnaround going from negative to positive 
values (Waste generated -1.95% - 0.50%; Total waste treatment -1.63% -0.11%; Incineration / disposal -2.00% -
0.61%). 
Variables showing the effectiveness of the policy as a gap between the two considered periods are: Waste 
generated (+2.45%); Waste treatment (+2.61%); Deposit into land (+4.88%); Incineration /  disposal (+43.17%). The 
same positive effect of the policy is accountable for variables within  the innovation area (R&D by business 
enterprise sector +1.89%; Total R&D expenditure in all the sectors 1.32%).  
The with-without comparison highlights that the per capita average annual rates are greater in ETR countries 
than in not-ETR countries for the macro area environment. Table 1 shows the main results. However this is not the 
case for the macro area employment. Th is circumstance might lead to draw conclusions in terms of absence of the 
 
 
‡ The 2008 has been taken as target year for two reasons: to include Czech Republic among the ETR countries and to avoid a misleading pictures 
for the environmental variables, as according to Eurostat (2013), after 2008 and in particular in 2010/2011, the economic crisis pushed extremely 
down values for energy demand and emissions, cutting by 2011 the manmade emissions of greenhouse gases by 17 % compared to 1990 levels.  
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double dividend, for which the shifting from environmental taxes to others taxes is supposed to bring benefits in 
terms of greater rates of employment, even when the first dividend, the environmental benefit, cannot be reached 
(Hoerner, Bosquet, 2001).  
 
x      Table 1: Pre-post and with without comparison 
Macroarea 
Reform 
country 
Average 
annual rate 
1995-1999 
Average 
annual rate 
2000-2008 
Gap 
Environment     
Waste generated Without  -0.51% 0.00% 0.51% 
With -1.95% 0.50% 2.45% 
Total waste treatment Without  -1.63% -0.11% 1.52% 
With -2.00% 0.61% 2.61% 
Deposit onto or into 
land 
Without  -0.07% 1.81% 1.89% 
With 1.56% 6.44% 4.88% 
Incineration / disposal  Without  21.25% 8.89% -12.36% 
With -44.27% -1.10% 43.17% 
Innovation  
Total R&D 
expenditure all sectors 
Without  5.41% 5.01% -0.40% 
With 6.62% 7.94% 1.32% 
 R&D by business 
enterprise sector  
Without  5.34% 5.34% 0.00% 
With 5.75% 7.64% 1.89% 
R&D expenditure by 
government sector  
Without  4.74% 6.59% 1.85% 
With 2.19% 2.13% -0.06% 
Employment  
Employment Without  34.13% -211.82% -245.95% 
 growth With 33.87% -233.16% -267.03% 
Self-employed in % of 
total employment 
Without  1.73% 8.61% 6.88% 
With -0.18% 0.18% 0.36% 
Services in % of total 
employment 
Without  2.24% 10.78% 8.54% 
With 0.64% 0.59% -0.05% 
4. A quantitative SWOT analysis  
After assessing through aggregated analyses that ETR and no ETR countries have differently achieved 
environmental, employment and innovation objectives over a wide time frame, the hierarchical cluster analysis 
allows a shift towards a disaggregated analysis for investigating specific challenges in groups of countries. 
x Table 2 provides the composition of clusters obtained for the base year 2000 and the target year 2008. The 
number o f clusters maximizes the homogeneity inside the clusters and the heterogeneity between them.  
Countries in which the EFR has been implemented are in bold. Between 2000 and 2008 several changes are 
accountable. 
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Table 2: Clusters of 2000 and 2008 (Countries are listed according to their distance to the cluster means) 
x  x 2000 x 2008 
x Cluster 1 x France, Italy, Belgium, Finland, Spain,  Austria,  
Sweden,  United Kingdom,  Germany 
x Finland, Austria, Belgium, Sweden, The 
Netherlands, Denmark, Luxembourg 
x Cluster 2 x Denmark, The Netherlands Luxembourg x France, United Kingdom, Italy, Germany 
x Cluster 3 x Ireland, Portugal, Greece, Cyprus x Greece, Ireland, Cyprus, Portugal, Spain 
x Cluster 4 x Bulgaria, Hungary, Lithuania, Slovakia, Czech 
Republic, Latvia, Poland, Slovenia, Estonia, Romania 
x Czech Republic, Slovakia, Latvia, Romania, 
Hungary, Poland, Lithuania, Bulgaria, Estonia, 
Slovenia 
x Table 3 shows the t-values for variables referred to the applied tax policy. Clusters are represented according to 
the increasing value of GDP.  
Table 3: T-values of Action variables for Clusters of 2000 and 2008 
 Clusters of 2000 Clusters of 2008 
 2 1 3 4 1 2 3 4 
GDP 2.89 2.21 -0.03 -4.04 3.44 0.63 -0.01 -3.59 
Total_tax 1.56 3.09 -1.86 -2.66 3.30 1.43 -1.51 -2.85 
Tax_env 3.2 -0.63 -0.32 -1.25 2.03 -0.94 -0.52 -0.73 
Tax_en 1.32 -0.07 -2.68 1.05 0.38 0.04 -2.40 1.58 
Tax_tran 1.66 -0.54 2.77 -2.62 1.91 -0.69 1.85 -2.72 
Tax_poll 3.73 -1.45 -1.18 -0.02 1.64 -0.92 -1.25 0.09 
Tax_lab 0.97 2.82 -2.83 -1.3 3.23 1.07 -2.24 -1.92 
Tax_cap 1.29 2.28 1.22 -3.98 0.62 2.31 1.36 -3.38 
 
x The hierarchical cluster analysis run for the year 2000 shows a compelling divergence between Northern 
European countries and Eastern countries. The former being characterized by high  level of GDP (+2.89), a  fiscal 
system environmental oriented (the environmental taxat ion variable shows a T-value of 3.20) and particularly  
focused on taxes on pollution (T-value +3.73); the latter, beyond showing the lowest value among the groups 
related to the GDP (-4.04), reports a negative value for the environmental taxation as a whole (-1.25), with a 
positive value, although not significant, for the energy taxation. Surprisingly, negative values are accountable for 
the environmental taxation in Cluster 1, which includes four ETR countries. In turn they are characterized by 
high levels of taxat ion on labour (+2.28). Cluster 3 shows a negative, although not significant, T -value related to 
the GDP, a positive and significant value exclusively  in  correspondence to the tax on transport (+2.77), while tax 
on energy, as well as tax on labour, show negative and significant values (-2.68 and -2.83 respectively). 
Compared to 2000, Cluster 4 of 2008 does not experience any change related to the countries that compose the 
cluster itself, but changes in values and characteristics. In addition to the taxation on energy, the taxation on 
pollution assumes a positive, although not significant value §. Major changes occur in Cluster 1 and 2 of 2008. In 
terms of environmental taxat ion only Cluster 1 shows positive and significant values. However even though the 
most virtuous countries of 2000 (Denmark, Netherlands and Luxembourg) join Cluster 1 in 2008, values for the 
environmental fiscal systems are pushed down, with a relevant increase, instead of the value of taxes on labour 
(+3.23). Looking exclusively at  how countries are positioned in  the clus ters in  different years, on ly Eastern 
European countries remain in the same cluster in 2000 and in  2008, albeit with a d ifferent representativeness ( in  
2008 the most representative country of Cluster 4 is Czech Republic, while in 2000 is Bulgaria). Cluste r 2 of 
 
 
§ In 2008 Czech Republic joins Estonia in implementing the ETR. 
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2000 will split in three clusters in 2008: Fin land, Belgium, Austria and Sweden (Cluster 1 in 2000) will form a 
unique cluster together with the Cluster 2 o f 2000 -the most pro-environmental one- thus making France, Italy, 
Germany and United Kingdom (Cluster 1 in  2000) to form a separate cluster in 2008 (Cluster 2); Spain (Cluster 1 
of 2000) will join Greece, Cyprus, Ireland and Portugal (already Cluster 3 in 2000).  
x The analysis of differences allows at investigating which variab les determined the s hift of the countries from a 
cluster to another in the analysed time frame. Differences are calculat ing between the cluster means of each of the 
variables that characterize the correspondent clusters in two different periods. 
x Looking at the significance of the T-value (+/ - 2.50) and the achievement of the maximizat ion/ minimizat ion 
objectives linked to each variab le, results will correspond on each of the element of the SWOT analysis.  
x In particular, from the analysis of clusters means’s differences we draw:  
x Strengths: result variables (t-value = +2.50) that maximize/minimize the correspondent objective over the target 
year compared to the base year; 
x Weakness: result variables (t-value=-2.50) that do not maximize/minimize the correspondent objective over the 
target year compared to the base year; 
x Opportunities: activity variables (t-value≠+/- 2.50) to be maximized/minimized to reach correspondent objective 
not achieved over the target year; 
x Threats: results variable with a significative value only for the base year that show a negative performance over 
the year target. 
x For length constraints, in the following, results will be showed only for Cluster 1. Countries from Cluster 1 and 2 
of 2000 will fo rm Cluster 1 in 2008. For this reason, Cluster 1 (Finland, Austria, Belgium, Sweden, The 
Netherlands, Denmark, Luxembourg) of 2008 has been compared with Cluster 1 (France, Italy, Belg ium, 
Fin land, Spain, Austria, Sweden, United Kingdom, Germany) and Cluster 2 of 2000 (Denmark, The Netherlands, 
Luxembourg).  Compared to cluster 1 of 2000, in 2008 Denmark, Netherlands and Luxembourg join the cluster, 
while Italy and Spain  shift to cluster 2 and 3 respectively. The analysis of d ifferences accounts for the critical 
variables that allowed for these changes.  
x Compared to Cluster 1 of 2000 there is a shift towards a more sustainable approach specially in the waste 
management (increasing of recycled materials and treatment with energy recovery, reduction of waste in 
disposal) and an increase of the R&D by the business and high education sector. These will represent strengths. 
Being the t-value non significative, meaning that those variables characterized the cluster in 2000, but no longer 
in 2008, they represent a threat: namely they are employment and patents.  
Table 4: Analysis of cluster means differences- Cluster 1 (2000) and Cluster 1(2008) 
Results and 
Action 
variables 
OBJ  
 Diff Cluster 
Mean  (Cluster 
1(2000)-Cluster 
1(2008) 
Results year 
2008 SWOT 
Empl MAX -0.76 MIN T 
GDP MAX 0.72 MAX S 
Inc_energy MAX 1.83 MAX S 
Ind MIN -0.15 MIN S 
Rec_waste MAX 0.64 MAX S 
Pat MAX -0.67 MIN T 
R&D_B MAX 1.34 MAX S 
R&D_HE MAX 1.32 MAX S 
R&D_tot MAX 1.19 MAX S 
Waste_dep MIN -0.71 MIN S 
Tax_lab MIN 0.04 MAX O 
Tax_en MAX -0.05 MIN O 
208   R. Arbolino and O. Romano /  Procedia Economics and Finance  17 ( 2014 )  202 – 210 
x In terms of activ ity indicators, there is an increase in the environmental taxes and in particu lar on the pollution 
ones, with a reduction on tax on capital and social contribution paid by employers and employees. Opportunities 
rise in terms of actions on tax on energy and on labour, for which there is room for changing also towards an 
implementation of a revenue recycle system to address the mentioned threats and favour employment and 
innovation. Including the comparison with Cluster 2 of 2000, table 5 reports the SWOT analysis for Cluster 1.  
                 Table 5: SWOT analysis Cluster 1 
S W O T 
GDP Services in % of TOT employment Labour taxes Employment 
Energy intensity of the economy  Energy taxes Patent applications 
Industry in % of TOT employment   CO2 
Recycled waste x  x  x  
R&D expenditure by business enterprise sector   x  x  x  
R&D expenditure by Higher education sector  x  x  x  
Tot R&D expenditure   x  x  x  
5. Conclusions  
x The paper presented a multiple step approach for investigating on the Environmental Tax Reform ( ETR)  and its 
effects at European level, based on aggregated  ( pre-post and with-without comparison) and disaggregated 
analyses ( hierarchical cluster analysis), leading to a quantitative SWOT analysis from which drawing important 
policy implications related to the implementation of the ETR. This technique however does not account for 
causal attributions, which will be the purpose of further investigations. Coherently  with the need of investigating 
the main socio-economics and environmental determinants for developing strategies within  the framework of a 
fiscal reform, the applied methodology represents an attempt through which  exp lain ing differences among 
countries that have employed the reform and those who have not. Results from the counterfactual analysis show 
positive effects of the reform specially related to the macro areas environment and innovation. 
x The hierarchical cluster analysis divides European countries in four homogeneous groups. Running the analysis 
for two periods time, d ifferences can be explained looking at the variables that characterize both the clusters in 
relation with the defined objectives. The cluster analysis shows that, within a decade, the level of attention to the 
environment and the use of fiscal instruments for environmental policy are very d ifferentiated among countries. 
Despite a major balance between environmental taxation and other taxes is evident in countries in which ETR has 
been applied, the level of environmental taxat ion is still low. The quali -quantitative reading of the results 
represents a basis on which to  build  a SWOT analysis and investigating on common issues to different territorial  
areas. Results would suggest possible development paths based on the possibility to foster the strength, reducing 
or eliminating the weaknesses (lack of R&D, low level of employment, low environmental quality), following the 
opportunities represented by environmental related fiscal policies with strong spillovers in other sectors. 
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Appendix A.  
A.1. Description and codes of all the variables  
Sector Variable Label Unit of measure 
Demography Population POP  Unit 
Economy GDP GDP EURO/ inhabitant 
ETR ETR Yes/No 
TAX TOT. TAX % GDP 
Income taxes  TAX_cap % GDP 
SC ( employer) SC_ee % GDP 
SC (employees)  SC_er % GDP 
Labour taxes TAX_lab % GDP 
Environmental taxes TAX_env % GDP 
Energy taxes TAX_en % GDP 
Transport taxes  TAX_tr % GDP 
Resource taxes TAX_poll % GDP 
Environmental tax revenues  ENV_REV % of GDP 
Environmental tax revenues ENV_REV(2) 
% of total revenues from taxes and 
social contributions 
Environmental protection expenditure EXP_PROT %/GDP 
Environmental expenditure (tot investments) EXP_INV %/GDP 
Environmental expenditure (other expenses) EXP_OTH %/GDP 
Environment Energy intensity of the economy INT EN 
Energy intensity of the economy_pc INT EN_pc 
Greenhouse Gas Emissions (co2 EQUIVALENT)  CO2 Thousands of tonnes 
Greenhouse Gas Emissions (co2 
EQUIVALENT)_pc CO2_pc T/pc 
Electricity generated from renewable sources  ELET_REN % 
Generation of waste WASTE_GEN kg/pc 
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Treatment of waste WASTE_TR kg/pc 
Disposal of waste (landfill) WASTE_DIS kg/pc 
Incineration/energy recovery WASTE_INC kg/pc 
Recycled waste REC_WASTE kg/pc 
Employment Employment (main characteristics and rates)  EMPL 
Employment growth and activity branches  EMPL_GROWTH_TOT 
Employment growth and activity branches IND Industry in % of TOT employment 
Employment growth and activity branches SELF 
Self employed in % of TOT 
employment 
Employment growth and activity branches SERV Services in % of TOT employment 
Innovation 
Patent applications to the EPO by priority year at 
the national level PAT Unit 
Total R&D expenditure (GERD) by sectors of 
performance and type of R&D activity  R&D_TOT All_sector_ Euro per inhabitant 
Total R&D expenditure (GERD) by business 
enterprise sector  R&D_BE Euro per inhabitant 
Total R&D expenditure (GERD) by Government 
sector  R&D_G Euro per inhabitant 
Total R&D expenditure (GERD) by Higher 
education sector  R&D_HE Euro per inhabitant 
Total R&D expenditure (GERD) by privat e non -
profit sector  R&D_NP Euro per inhabitant 
 
 
 
 
 
 
